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A comparative analysis has been attempted for the study of structural and tectonic trends over and around (140–190 N 
latitudes and 640–700 E longitudes) the Laxmi ridge. Initially, three different edge enhancement techniques comprising total 
horizontal derivative (THD), analytical signal (AS) and Theta map have been tested over synthetic prismatic models with 
varying depths. It is observed that Theta map technique is relatively suitable for delineation of the edges for the sources at 
different depths. The free-air gravity (FAG) of the Laxmi ridge and surroundings have been generated using EIGEN6C4 
high resolution combined earth gravity modelled data. Upward continued gravity anomaly at 20 Km, 40 km, 60 km, 90 km 
and 150 km heights have been estimated and these are further enhanced using Theta map technique. The enhanced upward 
continued maps at different height reveal that the sources of the Laxmi ridge low anomaly is constituted by crust, low 
density upper mantle materials and recent sediments. Present study reveals that the EIGEN6C4 modelled data could be used 
effectively to identify various structural features of different wavelength. The study reveals that the major lineaments trends 
are found along N-S, NE-SW and NW-SE directions followed by E-W, ENE-WSW and NNW-SSE directions including 
different regional and shallow lineaments trends. The delineated lineaments and their orientations are the results of multiple 
phases of rifting and breakup of India, Madagascar and Seychelles, since its initial stage. 
[Keywords: Directional analysis, edge enhancement, EIGEN6C4, Laxmi ridge, lineament mapping, upward continuation,].  
Introduction 
The evolution of the Western Indian offshore 
region was due to separation of Madagascar and 
Seychelles micro-continents from India during the 
Cretaceous period and the crust area is characterised 
as typical volcanic origin
1,2,3
. There are numerous 
well-known massive structures (Fig. 1) e.g., the 
Laxmi ridge, the Carlsberg ridge, the Laccadive ridge, 
the Comorin ridge and the Pratap ridge, which have 
been identified in the locality of the Western offshore 
region and are concealed under Indus Fan sediments. 
Since its evolution, crust of the region has suffered 
multiple phases of paleogeographic reconstructions 
and tectonic activities. Several surface / subsurface 
structural and tectonic features in this region are the 
consequences of these multi-phase drifting, rifting, 
magmatic under-plating and seafloor spreading 
phenomena. 
The Laxmi ridge (Fig. 1) is a NW–SE trending 
structurally high underwater structure, which falls 
within 14
0–190 N latitudes and 640–700 E longitudes in 
the Western Indian Offshore. Based on associated 
gravity low and magnetic anomaly characteristics, it 
was established that the ridge turns along the WNW–
ESE direction from its initial NW–SE direction at 
around 65
0
30 E and extends in westwards direction up 
to 63
0
40 E
4,5
. It is 0.5 km buried under thick Indus 
sediments, 100 km wide and 700 km long structure, 
which run nearly parallel to the west coast of India 
and topographically rugged in nature
6,7,8,9
.
 
The 
basement characteristics of the ridge area and its 
surroundings are uneven and relatively shallower. 
This may be due to presence of several highs and 
lows in the area. Gravity anomaly increases from 
south to north direction over entire study area. The 
Laxmi ridge is characterized by distinct low gravity 
(negative) anomalies, which are rarely marked over 
ocean ridges. Due to negative gravity anomaly 
behaviours, Laxmi Ridge is regarded as a unique 
feature in the Western Indian Ocean like the 85
0
E 
ridge in the Bay of Bengal
10
. Even though numbers of 
investigations have been carried out in the study area, 
the characteristics of the crust in the region are still 
ambiguous. Therefore, mapping of structural and 
deformational trends over the region has become 
essential due to its economical prospecting in 
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hydrocarbon exploration
11
, especially in the offshore 
regions
12,13
. To have better understanding about the 
crustal behaviour of the region, it is very important to 
recognize the depth of anomaly sources, prominent 
structures, course of tectonic activities and its evolution 
records using high resolution geophysical data.  
 
EIGEN-6C4 FAG data 
In recent past, several global gravity models i.e. 
EIGEN6C4, EGM2008, EIGEN6S4, GGM05C, GECO 
etc. have been extensively utilized for the exploration 
of earth’s geological and geodynamical activities 
particularly in remote and inaccessible areas
14-18
.
  
The EIGEN6C4 is the fourth release of EIGEN6C 
(European Improved Gravity model of the Earth by 
New techniques) with maximum degree and order  
of 2190. It is computed by using LAGEOS (Laser 
GEOdynamics Satellite), GRACE (Gravity Recovery 
and Climate Experiment) and GOCE (Gravity field and 
steady-state Ocean Circulation Explorer) data. The 
combination of these datasets has been incorporated 
using full normal equations. The maximum degree and 
order of any infinite series expansion has its own 
benefits in delineation of smaller-scale structures.  
The spherical harmonic coefficients of the higher 
frequencies have been generated from the DTU10 
terrestrial data. The gravity data generated from 
EIGEN6C4 has significantly lower error than the other 
EGM2008, EIGEN6C3 generated gravity data
19
. The 
effectiveness of EIGEN6C4 model data has been 
evaluated using several functions of the potential field 
and GPS/Levelling
20
. The EIGEN6C4 FAG data have 
been generated from http://icgem.gfz-potsdam.de/ 
ICGEM.  
 
Edge Enhancement Techniques  
The edge detection techniques largely aim for 
detecting the boundaries in a digital image where  
 
 
Fig. 1 — Location map showing different ridges marked on the bathymetry. The dashed box indicates the boundary of the study area. 
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a change in pixel values is observed. Geological 
lineaments represent geological boundaries / fracture / 
joint / fault/ fold or shear zones. These are exhibited 
by individual patterns / arrangements of the nearby 
features with different groups of linear patterns, tonal 
variation
21-24
. General, lineaments represent subsurface 
phenomenon
25
. Primarily, there are four types of high 
pass filtering techniques for edge detection, which are 
Canny, Sobel, Prewitt and Laplace filters
25
. The edges 
are obtained by convolving with the corresponding 
kernel either in vertical or horizontal directions.  
These are mostly used for shallow surface lineament 
detection.  
In potential filed data, different derivative 
techniques (x, y and z directional) correlate better 
than its anomaly maps with geological features such 
as rift zones, fold belts, fractures and joints etc. These 
derivative techniques have been advocated for  
many years to delineate edges in potential field  
data. The horizontal derivatives (x- and y- directional) 
technique responds maximum, whereas the vertical 
derivative is zero over the vertical source edges
26-27
. 
Therefore, either of these techniques can be utilized in 
edge detection of an isolated anomaly source. But the 
resolution of detected edges varies when sources are 
non-vertical or different sources are very close or 
sources are at different depths. Various researchers 
have utilized different combinations of these 
horizontal and vertical derivative techniques to  
image the actual edge locations for both shallower 
and deeper sources
28-32
. These edge enhancement 
techniques are called balanced edge detection 
technique due to their nearly same amplitude response 
for both shallower and deeper targets. The total 
horizontal derivative (THD) technique is an effectively 
utilized classical edge detection technique
26
. The 
THD technique uses combination of the x- and y- 
directional derivatives of potential field data to 
delineate the edge features like faults / margins. The 
amplitude responses obtained from THD technique is 
higher for shallower sources and smaller for deeper 
sources. The analytical signal (AS), utilized the 
combination of first order vertical and horizontal 
derivatives. It gives maximum amplitude response 
over the source edge, despite of the structural dip 
present
28,33
. The AS technique has been broadly 
utilized in gravity data for enhancement of edges of 
causative sources
34,35
. The Theta map technique 
appears as a very effective tool for edge delineation in 
potential field data
31
. It is derived by using the cosine 
ratio of the THD and AS amplitude. The Theta map 
response for deeper sources are higher and sharper in 
amplitude than that of other two edge detection (THD 
and AS) techniques.  
In order to recognize nature of the crust, trends of 
lineaments/fractures, different highs and lows and the 
source depths of anomalies over the entire area has 
been studied using high resolution satellite-derived 
EIGEN6C4 combine earth gravity model data and 
edge enhancement techniques. Present study deals 
with the multi-fold objectives which are,:- i) 
comparative assessment of edge enhancement 
technique (Theta map) over classical edge detection 
techniques (AS and THD) for delineation of edge 
features of various depth sources, ii) establishing the 
utilization of uniform EIGEN6C4 FAG data for 
delineation of the structural features specially over the 
remote and inaccessible offshore regions, iii) 
recognition of the major anomalous structural and 
tectonic elements and their trends over the Laxmi 
ridge and its surroundings. The major deliverables of 
this work are mapping of the major structural features 
resulted due to the stress variations in various 
geological periods, identification of the anomalous 
zones and estimation of anomaly source depths over 
the study area especially for hydrocarbon exploration. 
 
Methodology 
Any potential field observed in one plane may be 
continued mathematically upwards or downwards to 
any other plane if there are no anomalous mass 
between these two planes. In this case the potential 
function will satisfy the Laplace's equation. Upward 
continuation has been utilized in potential field data to 
identify the characteristics of the long wavelength 
(regional) anomaly distribution. Continuation operator 
in frequency domain can be represented as below:
36 
 
  
 
where z0 is initial plane and z1 is the plane at which 
gravity anomaly is to be computed Z is positive in the 
downward direction and negative in the upward 
direction.  
Edge detection techniques are mostly functions 
using combination of different gradients of potential 
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field data. One of the most common approaches is 
total horizontal derivative (THD). It is computed 
using the following equation
26
:  
  
Analytic signal (AS) amplitude is computed using 
the combination of both vertical and horizontal 
derivatives. The AS amplitude is computed using the 
equation given here under
28,33
: 
 
where, 
y
g
x
g




, ,
z
g

 are the horizontal (x and y 
directions) and vertical derivative of the gravity 
anomaly, respectively.  
The theta (θ) map technique is defined as the 
normalization of the THD amplitude by the AS 
amplitude
31
.  
 
Observations from the synthetic models 
Initially, synthetic model of prismatic sources with 
two different depth have been generated to evaluate 
the effectiveness of the θ map technique over THD 
and AS techniques. At the source margins, THD and 
AS techniques show maximum amplitudes whereas, 
theta map technique shows a minimum. A 
considerable amount of difference also observed in 
their amplitudes and edge locations of the source 
anomalies. The physical properties of the presently 
adopted 2-D model are mentioned in Table 1. 
The generated gravity anomaly (GA) map shown in 
(Fig. 2b), has been enhanced using THD, AS and 
Theta map techniques for the given model parameters. 
Their responses are shown in (Figs. 2b-e), 
respectively. From (Fig. 2c), it is observed that the 
THD responses from shallower sources are larger in 
amplitude and smaller for deeper sources. However, 
the THD anomalies are broader in nature so that 
delineated edges may offset from actual edges for 
both sources. From (Fig. 2d), it is observed that AS 
responses for shallower source are larger in 
amplitude, while smaller for deeper sources. The 
observed AS amplitude response from shallower 
source is sharper enough to delineate the correct 
source edge. But, in case of deeper source, there is 
deviation from actual edges. Figure 2e demonstrates 
that theta map anomaly responses are larger, sharper 
and balanced for both shallow and deeper sources 
with only difference that deeper anomaly response is 
bit coarser than that of shallower. It is observed that 
the edges delineated using theta map shows minimal 
deviation from its actual source edges. It is observed 
that theta map technique is more suitable to delineate 
the edges of the sources with different depths. 
Sharpening in gravity response is a result due to 
removal of effects of nearby anomalies, which are 
generated through surrounding rather than the actual 
sources. The deviation from the actual edges might be 
due to non-vertical sources or very closely situated 
objects or superposition of sources or very complex 
geological structures and sometimes due to incompetency 
of edge delineation techniques etc. A comparative 
study of 12 different edge detection techniques infers 
that there is no single edge enhancement technique 
which bears all desirable attributes for displaying 
accurate edge locations, simultaneously for various 
source of characteristics
37
. But, the problem could be 
resolved to a greater extent using balanced edge 
detection techniques, like the theta map which 
provide larger and relatively sharper anomaly 
responses than those of conventional derivative 
techniques for both shallow and deeper sources. In the 
present evaluation, theta map techniques shows much 
better resemblance in delineation of true source edge 
locations for all depth seated objects. 
 
Application of EIGEN6C4 FAG data over the 
Laxmi ridge 
The effects of past geological phenomenon and its 
footprints can be observed in different gravity 
anomaly maps
38-41
. To have a better understanding of 
the nature of crust over the study area, it is crucial to 
understand the past tectonic activities, course of 
structural features and evolution history of the area 
using recent high-resolution satellite-derived gravity 
data and suitable techniques
10,11,41
. These studies 
become more informative especially in remote and 
inaccessible regions like offshore. Some researchers 
have utilized the high resolution potential field  
 
 
Table-1 — Physical parameters of the synthetic gravity anomaly 
models for the two vertical prisms 
Physical parameters Prism 1 Prism 2 
Depth to the center (m) 20 33 
Density contrast (kg/m3) 0.5×103 0.5×103 
Horizontal extension (m) 8 10 
Top (m) 17 30 
Bottom (m) 23 36 
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data
11-13,16-18,41
. Using effective techniques they 
successfully delineated the edge features, anomalous 
zones and trends of major lineaments in various parts 
of the India
16-18
 and Indian Ocean
11-13,41 
.  
 
Study using edge enhancement techniques  
The free-air gravity (FAG) anomaly map generated 
using EIGEN6C4 over the study area is shown in  
(Fig. 3a). The FAG generated using EIGEN6C4 has 
been validated (Fig. 3b) by comparison with -ship-
borne FAG data along RE-11 by Krishna et al.
10
.  
The comparative study indicates that correlation 
coefficient and covariance between the two data  
sets along the profile are about 0.94 and 94.2 mgal
2
.  
It reveals that FAG generated using EIGEN6C4 
highly correlated and could be used for detail 
analysis. Laxmi ridge is delineated well with 
prominent negative gravity of about -53 mGal and -56 
mGal in EIGEN6C4 generated and ship-borne data, 
respectively.  
 
 
Fig. 2 (a) — Synthetic model of two vertical prisms at depths of 25 m and 33 m, (b) Gravity anomaly (GA) response, (c) Total horizontal 
derivative of GA, (d) Analytical signal amplitude of GA and (e) Theta response of GA.  
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The residual gravity anomaly map with different 
cut-off wavelengths of 50 km, 100 km, 150 km and 
200 km have been generated and qualitatively 
examined. Residual gravity anomaly map with cut-off 
wavelength of 50 km and 100 km are shown in  
Figs. 4a&b, respectively. It is observed that the 
residual map (Fig. 4b) with cut-off wavelength of  
50 km enhances mostly shallower features whereas, 
the residual anomaly map (Fig. 4b) with cut-off 
wavelength of 100 km delineates relatively medium to 
longer wavelength features. Considering model 
crustal structure across Laxmi basin, Panikkar ridge, 
Laxmi ridge and eastern Arabian Sea by Krishna et 
al.
10
, the residual gravity anomaly map with cut-off 
wavelength of 100 km has been utilized for further 
understanding of the structures of Laxmi ridge and 
surroundings. Several high and low zones are 
observed in the residual anomaly map (Fig. 4a). Ridge 
extension from its NW-SE trend to WNW–ESE trend 
has been demarcated excellently (Fig. 4b). 
 
 
Fig. 3a — Unfiltered EIGEN6C4 free-air gravity (FAG) anomaly map over the Laxmi ridge and its surroundings; Fig. 3b — Comparison 
of Ship FAG and EIGEN 6C4 FAG data along RE-11 of Krishna et al.10. Laxmi ridge is delineated with prominent negative gravity.  
 
 
 
Fig. 4 — Residual of EIGEN6C4 free-air gravity (FAG) anomaly map upto b) 50km and b) 100km over the Laxmi ridge and its 
surroundings.  
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The residual gravity anomaly with cut-off 
wavelength of 100 km has been enhanced using THD, 
AS and Theta techniques. Application of edge 
enhancement techniques over the residual gravity 
anomaly provides better image for delineation of the 
subsurface features corresponding to different depths. 
The lineaments are delineated from THD, AS and θ 
anomaly maps based on different anomaly patterns 
over the entire region and these are shown in  
(Figs. 5a,b,c), respectively. It is observed from  
(Fig. 5a)  that   the  THD  technique  delineates  edges 
from shallower objects but failed to delineate edges 
from deeper objects. The comparative/qualitative 
evaluation of THD, AS and Theta map techniques for 
lineament extraction have been carried out based on 
the analysis of synoptic Rose diagrams. Generated 
synoptic Rose diagram based on lineaments trends 
infers that THD technique (Fig. 6a) delineates the 
major lineaments in NW-SE direction followed by 
NE-SW, E-W, and N-S directions. In general, the 
lineaments delineated at right side of the Laxmi ridge 
have similar trends as the lineament trends in the 
whole area (Figs. 6a-c). Though, prominent random 
lineament trends are observed on the left side than 
that of the right side (Figs. 6b-c). The NW-SE trend is 
very much prominent in right side (Fig. 6c). Figure 5b 
illustrates that the AS technique delineates edges from 
shallower and medium depth objects but could not 
able to delineate edges from deeper objects. 
Generated synoptic rose diagram based on lineaments 
trends infers that AS technique (Fig. 7a) delineates the 
major lineaments in the N-S direction followed by 
NE-SW, NW-SE and E-W directions, respectively.  
In general, lineaments on both  right  and  left side  of  
 
 
Fig. 5a — Total Horizontal Derivative (THD) map of the 100km residual FAG anomaly over the Laxmi ridge and in its vicinity. These 
lineaments (THD linea) have been recognized based on distinct anomalous THD characteristics; Fig. 5b — Analytical Signal (AS) map of 
the 100km residual FAG anomaly over the Laxmi ridge and in its vicinity. These lineaments (AS linea) have been recognized based on 
distinct anomalous AS characteristics; Fig. 5c — Theta map of the 100km residual FAG anomaly over the Laxmi ridge and in its vicinity. 
These lineaments (Theta linea) have been recognized based on distinct anomalous Theta anomaly characteristics.  
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study area have similar trends (Figs. 7b-c) as the 
lineament trends in the whole area (Fig.7a). However, 
the NW-SE trend is prominent in right side (Fig.7c) 
whereas, (Fig. 5c) illustrates that the Theta map 
technique delineates all the edges including the 
shallower, medium and deeper objects, more 
accurately than the THD and AS techniques. 
Generated synoptic Rose diagram infers that the Theta 
technique (Fig. 8a) delineates the major lineaments in 
N-S direction followed by NE-SW, E-Wand NW-SE 
directions. Only limited numbers of N-S trending 
lineaments could be observed in the right side of the 
study area, unlike the left side and the whole area 
(Figs. 8b-c). Theta map technique delineates deeper 
lineaments better than THD and AS technique. 
Previous study indicates the major lineament trends in 
only NW-SE, NNW-SSE and NE-SW directions
42
.
 
Interestingly, all the previously reported structural 
trends have been delineated and some additional 
lineament trends have also been delineated in the 
present study. It is observed that using all three 
techniques, the NW-SE trend is the prominent 
 
 
Fig. 6 — Synoptic Rose diagram of (a) THD Rose full area, (b) THD Rose left side area and (c) THD Rose right side area lineaments 
representing their trends over the study area. 
 
 
 
Fig. 7 — Synoptic Rose diagram of (a) AS Rose full area, (b) AS Rose left side area and (c) AS Rose right side area lineaments 
representing their trends over the study area. 
 
 
 
Fig. 8 — Synoptic Rose diagram of (a) Theta Rose full area, (b) Theta Rose left side of ridge axis and (c) Theta Rose right side of ridge 
axis lineaments representing their trends over study area. 
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lineament trend followed by NE-SW in right side of 
the ridge (Figs. 6-8) whereas, random nature of 
lineament trends are observed on the left side than 
that of the right side. 
 
Study using upward continuation  
The upward continued gravity anomalies have been 
generated at heights of 20 km, 40 km, 60 km, 90 km 
and 150 km, respectively for understanding the source 
depth of anomalies beneath the ridge. These upward 
continued regional maps have been further enhanced 
with the theta technique to closely observe the change 
in anomaly variation corresponding to ridge extension 
(Figs. 9a-e). Anomaly map (Fig. 9a) generated at 
height 20 km shows ridge anomaly trend similar to 
gravity anomaly with some reduction in gravity value. 
It suggests that source anomaly depth under the ridge 
is below the upper crust. The NNW-SSE trending part 
of the ridge starts widening and gravity values start 
reducing at higher rate in the upward continued maps 
generated at heights 40 and 60 km (Fig. 9b-c).  
At height 90 km, the NNW-SSE trending part of  
the ridge get disappeared and NW-SE trending  
part of the ridge anomaly still poses a considerable 
amount of gravity value (Fig. 9d). It suggests  
that the ridge density anomaly has some contribution 
from deeper crust and mantle. Upward continuated 
map at height 150 km (Fig. 9e) reveals that the  
NW-SE trending part of the ridge anomalies nearly 
vanished and almost shrink to a point object at around 
67.8
0
E and 16.6
0
N. From above observations,  
our study suggests that the ridge is constituted  
of low density mantle materials covered with recent 
sediments brought by Indian sub-continental  
rivers. The right side (NW-SE trending part) of the 
ridge crust is of the continental nature, whereas left 
side (NNW-SSE trending part) is of the oceanic 
nature.  
 
 
 
Fig. 9a — Theta enhanced map of the upward continued gravity anomaly at height of 20 km over the study area. The result shows that the 
most of the Laxmi ridge gravity anomaly is contributed by crustal materials present underneath in the area; (b) Theta enhanced map of the 
upward continued gravity anomaly at height of 40 km over the study area. The NNW-SSE trending part of the ridge anomaly starts 
widening and diminishing (c) Theta enhanced map of the upward continued gravity anomaly at height of 60 km over the study area. Most 
of the NNW-SSE trending part of ridge anomaly is vanished (d) Theta enhanced map of the upward continued gravity anomaly at height 
of 90 km over the study area. NNW-SSE trending part of ridge anomaly is completely vanished and NW-SE part of the ridge also 
decreasing. (e)heta enhanced map of the upward continued gravity anomaly at height of 150 km over the study area. Almost the entire 
ridge anomaly got vanished and turn into about a point source at around 67.80E and 16.60N . 
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Some prominent gravity highs and lows are also 
identified over the entire study area, which were not 
apparent in previous studies. It is observed that 
shallower and deeper structures have different trends. 
The deeper features have major trends in NW-SE and 
NE-SW directions, whereas shallower features follow 
the trends in almost all directions, randomly. There 
are some controversies about the crustal framework 
below the Laxmi ridge in spite of various geophysical 
studies. Some scientists concluded that in the right 
side of the study area, the ridge acts as transitional 
boundary from the rifted crust, whereas it is oceanic 
in nature on the left side
4,6,43,44
. However, some other 
scientist concluded that the crusts below the ridge are 
oceanic in nature only
5,45,46
. The previous study 
showed that the southward extension of the seafloor 
expression of the NW-SE trending part of the Laxmi 
ridge seems to abruptly terminated against an oceanic 
crust, which contains magnetic lineation in E-W 
direction
47
. Present study reveals that the edge 
enhancement techniques provide valuable information 
for geologists and petroleum engineers to outline the 
horizontal location of geological sources and other 
tectonic and geological features. A series of gravity 
low zones identified in the residual anomaly map may 
be related to deposition of low density recent 
sediments or down bending of crust. Present study 
also supplemented the previous studies, which states 
that gravity low (negative) along the Laxmi ridge is 
due to down-bending at the lower crust, and 
subsequent flow of excessive magmatic constituents 
underneath the ridge
36
. Due to these reasons, in spite 
of being prominently structural high, the Laxmi ridge 
portrays negative FAG anomaly.  
 
Conclusion 
The comparative study of EIGEN6C4 FAG data 
and ship-borne FAG data indicate correlation 
coefficient 0.94 and proves the suitability of 
EIGEN6C4 FAG data for study of structure and 
tectonic of Laxmi ridge and surroundings. The ability 
to delineate the shallow and deeper features makes the 
Theta map technique most suitable for edge 
enhancement. Previous study depicts that the major 
trends of the lineaments are only in NW-SE, NNW-
SSE and NE-SW directions in the area
42
.
 
It is very 
fascinating that the entire observed structural features 
match well with the previous studies
42
 and some 
additional lineament trends have also been delineated 
in the present study. Major lineaments occurring over 
the region are in N-S, NE-SW and NW-SE directions 
followed by E-W, ENE-WSW and NNW-SSE 
directions. The NW-SE trend is the prominent 
lineament trend followed by NE-SW in right side of 
ridge. However, random nature of lineaments trends is 
observed in the left side than that of the right side of 
the study area. The delineated lineaments and its 
orientations are the results of rifting and break-up of 
India, Madagascar and Seychelles since the mid-
Cretaceous, which control the structural pattern of 
western India as well as its offshore region. The 
upward continued generated gravity anomaly maps at 
heights 20 km, 40 km, 60 km, 90 km and 150 km 
showed that the right side area of the ridge crust have 
continental source of crust, whereas left side crust is 
oceanic in nature.  
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